Humic and fulvic acids in environmental water were determined by UV spectrophotometry after concentration with diethylaminoethyl(DEAE)-cellulose and separation at pH 1 by centrifugation. The ranges of fulvic and humic acids in Katsura, Uji, Kidzu and Yodo Rivers were from about 0.50 to 3.2 mg/l and 0.025 to 0.2 mg/l, except for the sampling points, which were located downstream of a sewage-disposal plant. Fulvic acid was predominant in these rivers. The concentrations of humic substances were high in the summer and low in the winter. The concentrations of humic substances in these rivers decreased fairly much from December of 1992 to August of 1993. The annual changes in the values of humic substances during 1993 to 1996 were smaller than the change from 1992 to 1993. The trends for the seasonal and annual changes in the concentration of the trihalomethane formation potential in Yodo rivers were almost consistent with those of humic substances.
Humic substances, which interact strongly with toxic heavy metals 1 and may be precursors of trihalomethane (THM) formed during water treatment with chlorine [2] [3] [4] [5] , are the major organic constituents of fresh water, seawater and soils. However, few studies about the relationship between aquatic humic substances and the THM formation potential in environmental water have been reported, because humic substances are mixed molecular compounds with hundreds to several hundred thousand of molecular weight. Lake Biwa and Yodo River are important sources of drinking water in the Kinki area with the second largest population in Japan. Previously, we reported on the concentrations of THM in tap water in Osaka and its surrounding cities by using Yodo River as a drinkingwater source. 6 Furthermore, it was reported in a previous paper that a trace amount of bromide ion in environmental water is considerably concerned with not only brominated THM formation, but also total THM formation. 7 In this study, a spectrophotometric determination of humic and fulvic acids in environmental water after the concentration of humic substances with diethylaminoethyl(DEAE)-cellulose and separation at pH 1 by centrifugation was investigated. The present methods were applied to the determination of humic and fulvic acids in Katsura, Uji, Kidzu and Yodo Rivers; further, the behavior of humic substances and the relationship between aquatic humic substances and the THM formation potential were examined.
Experimental

Reagents and apparatus
Diethylaminoethyl(DEAE)-cellulose (Wako Pure Chemicals, Osaka, Japan) was washed with 0.5 M hydrochloric acid for 1 h and distilled water, sequentially washed with 0.5 M sodium hydroxide for 1 h and distilled water, and stored in distilled water at pH 7.
Humic acid (Aldrich Chemicals, extracted from peat soil) was purified by repeated dissolution in 0.1 M sodium hydroxide and precipitation in 0.1 M hydrochloric acid until the color of supernatant solution was eliminated. Fulvic acid (Humic Andozol Inogashira, Shizuoka, Japan), prepared by the IHSS (International Humic Substances Society) method, was supplied by the Japan Humic Substances Society 8, 9 and used as a standard without purification. A mixture of reference organic halides (chloroform 10 mg/ml, 1,1,1-trichloroethane 4 mg/ml, tetrachloromethane 1 mg/ml, trichloroethylene 15 mg/ml, bromodichloromethane 2.5 mg/ml, tetrachloroethane 4 mg/ml, chlorodibromomethane 4 mg/ml, bromoform 20 mg/ml) in methanol was obtained from Wako Pure Chemicals. Standard solutions of these compounds, used for analytical studies, were prepared by diluting the above-described methanol solution with pentane. All of the other chemicals were of best commercial grade.
A JASCO Ubest-30 ultraviolet-visible spectrophotometer with a 1-cm cell and a JASCO PTL-396 plotter were used. A Shimadzu RF-540 fluorescence spectrophotometer was used to measure chlorophyll a. A Kubota KN-70 centrifuge was used to separate humic substances. A Shimadzu GC-14A gas chromatograph equipped with a 63 Ni electron capture detector (ECD) was used.
Procedure for the determination of humic and fulvic acids in river-water samples
Water samples were collected from the Katsura, Uji and Kidzu Rivers, and Yodo River, where these three rivers meet, at 19 sampling stations (Fig. 1) during January, 1991, to December, 1996. In the laboratory, all samples were filtered through a membrane filter (0.45 mm, Millipore) in order to avoid biodegradation as soon as possible. Membrane filters were used after washing with 1 M hydrogen chloride and distilled water.
Filtered 500 ml water samples were passed through a DEAE-cellulose column (25 mm´6 mm i.d.) at a flow rate of 3 ml min -1 to sorb humic substances. They were then desorbed by backward-flow elution with 10 ml of 1 M sodium hydroxide at a flow rate of 0.3 ml min -1 . The collected effluent in a centrifuge tube was acidified to pH 1 with 2 ml of hydrochloric acid to precipitate humic acid. The precipitated humic acid and supernatant solution were separated by centrifugation at 4600rpm for 1 h. Then, 10 ml of the supernatant solution was carefully pipetted out and diluted to 25 ml with distilled water after neutralizing with 10 M sodium hydroxide. The absorbance of this solution was measured at 350 nm. To the remaining solution, 8 ml of 1 M sodium hydroxide was added in order to dissolve precipitated humic acid, neutralized with hydrochloric acid, and then diluted to 25 ml. The absorbance was also measured at 350 nm. The concentrations of humic and fulvic acids were calculated by reference to the previously described standards.
Procedure for the determination of the THM formation potential in river-water samples
A chlorination was performed for 200 ml of river water collected from each sampling point by the addition of a hypochlorite solution to provide an initial available chlorine concentration of 20 mg/l. All chlorinated samples and non-chlorinated controls were left standing in an incubator at 25˚C for 24 h. Phosphoric acid and sodium sulfite solutions were added to each reactor to quench any THM formation reactions. The concentrations of THMs in chlorine-treated river water were determined by ECD-GC after extraction into pentane. A capillary column of Quadrex Halomatics624 (0.53 mm i.d.´30 m´3 mm) was used for the determination of THMs and other volatile halogenated organic compounds in water samples. Moreover, the concentration of chlorophyll a in water was determined by spectrofluorometry after extraction into acetone (Ex=436 nm, Em=670 nm). 10, 11 
Results and Discusson
Evaluation of the concentration and separation of humic substances
First of all, spectrophotometric determinations of humic and fulvic acids in environmental water samples were investigated according to a method of Nomizu et al. 12 based on the concentration of humic substances in river-water samples and separation at pH 1 by centrifugation. Quantitative sorption of both humic acid and fulvic acid on a DEAE-cellulose column was obtained regardless of the flow rate. However, the desorption recovery of humic acid was only 80% by backwardelution with 10 ml of 0.1 M sodium hydroxide at a flow rate of 1 ml min -1 , recommended by Nomizu et al. 12 , though that of fulvic acid was almost 100%. The desorption recovery of humic acid was improved along with an increase in the concentration of sodium hydroxide and a decrease in the flow rate of elution. Humic acid on the column was recovered at 92% with 10 ml of 1 M sodium hydroxide at a flow rate of 0.3 ml min -1 . Next, the separation of humic and fulvic acids by centrifugation was examined. The fulvic acid remaining in a supernatant solution was 100%, though 20% of the humic acid remained in a supernatant solution after centrifugation at 4600rpm for 1 h. Better results were not obtained by even using an ultracentrifuge under this 328 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 condition. Since 80% of humic acid was precipitated reproducibly by centrifugation at 4600rpm for 1 h, the separation of humic acid and fulvic acid was achieved under this condition. The concentrations of humic and fulvic acids were calculated by considering the remaining humic acid in the supernatant solution. The absorbance of humic and fulvic acids was measured at pH 7 because the absorbance is higher in alkaline solution and lower in acidic solution. Furthermore, the absorbance was measured at 350 nm, where the effects of other organic substances, such as lignin, were small. 13, 14 Behavior of humic substances in Katsura, Uji, Kidzu and Yodo Rivers In the present study, the concentrations of humic and fulvic acids in Katsura, Uji, Kidzu and Yodo Rivers were determined by the proposed method in order to clarify the behavior of humic substances in these rivers. Table 1 gives the concentrations of humic and fulvic acids in samples collected in December, 1994. The concentrations of fulvic acid were about 10-times higher than those of humic acid at all sampling stations in these rivers. It seems that the higher concentrations of humic substances at stations 13, 14 and 25 may have been due to anthropogenic contamination entering the rivers, because these sampling points were located downstream of sewage-disposal plants. Also, the lower concentration of humic substances at station 45 may have been associated with seawater, because large amounts of chloride ion in seawater may have interfered with the sorption of humic substances on a DEAE-cellulose column. Except for these stations, the concentration of humic substances was almost constant in each river, and the mean value in Kidzu River was always higher than those in other rivers. The concentrations of humic substances in these rivers were larger in the following order: Uji River < =Katsura River<Yodo River<Kidzu River. Since the main cations (Ca 2+ , Mg 2+ , Na + , K + ) and anions (SO 4 2-, NO 3 -, Cl -) in river water show similar behaviors to those of humic substances, most humic substances in river water may originate from soils around the rivers.
Next, the concentrations of humic substances in stream water of mountains were examined. The results are listed in Table 2 . Kurama is upperstream of Kamo River, which meets Katsura River, while, Kuchiki is upperstream of Ado River, which enters Lake Biwa. The concentrations of humic substances in these stream waters were rather low in comparison with those at sampling stations 11, 21 and 31. Further, humic substances in water samples collected at 8 stations in Kidzu River, which are located upperstream of station 31, were determined ( humic substances in Kidzu River were almost constant at stations 31 and 35 (distance of about 30 km), and the values at stations 3A(Sakashita), 3B(Nishiaoyama) and 3C(Okushikano), which are the sources of Kidzu River, were 60 -70% of those at station 31. However, the values of humic substances at the sources of the Kidzu River were slightly larger than those at the sources of Katsura River and Uji River, and almost the same as those at downstream of both rivers. These results suggest that the main origin of the higher concentrations of aquatic humic substances in Kidzu River was presumed to be humic substances made from leaf mold.
Relationship between humic substances and the THM formation potential in rivers
The results of the THM formation potential on the chlorination of river-water samples collected from Katsura River, Uji River, Kidzu River and Yodo River are listed in Table 4 . The higher values of the total trihalomethane (TTHM) formed at stations 13, 14 and 25 may have been due to anthropogenic contamination entering rivers, because these stations are located downstream of the sewage-disposal plant. Over 90% of the TTHM formed was brominated THM at station 45, where the river water had mixed with seawater. This may be attributed to the high concentration of bromide ion supplied with seawater. 7 Except for these stations, the concentration of the trihalomethane formation potential was almost constant in each river, and the mean values in Kidzu River was about two-times higher than those in Katsura and Uji Rivers, which were similar to the results of humic substances.
The relationship between the concentration of humic substances and the THM formation potential is shown in Fig. 2 . The total THM formed and the concentration of humic substances showed a high correlation (r=0.932). Furthermore, the THM formation potentials on chlorination of prepared samples with isolated fulvic and humic acids from these rivers were compared with those by the direct chlorination of river-water samples ( Table 5 ). The results with isolated humic substances from river water were almost the same as those with river water. These results suggest that soluble humic substances in river water have large effects on the for- 330 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 Table 4 Trihalomethane formation potential on chlorination of river water samples collected from Katsura River, Uji River, Kidzu River and Yodo River (unit; mg/l) The values in parentheses are Br-THM. mation of THM during water treatment with chlorine. However, the values of the THM formation potential in Uji River were slightly larger than the values calculated from the concentration of humic substances alone. It has been reported that aquatic algae and their metabolic products are sources of THM precursors. [15] [16] [17] [18] [19] The relationship between chlorophyll a and the THM formation potential in Lake Biwa was reported to be a good correlation. 20 Then, the precursor in Uji River is considered to be not only aquatic humic substances, but also aquatic algae and their metabolic products, because the concentrations of chlorophyll a in Uji River were about two-times larger than those in Katsura River.
Seasonal and annual changes in the concentrations of humic substances and the THM formation potential in Yodo rivers
The seasonal changes in the concentrations of fulvic acid in Katsura, Uji, Kidzu and Yodo Rivers during December, 1992, and December, 1996, are shown in Fig. 3 . The concentrations of fulvic and humic acids in all rivers measured were high in the summer and low in the winter. Furthermore, the concentrations of humic substances in Kidzu River were about 1.5-to 2.5-times higher than those in Katsura and Uji Rivers, and its seasonal changes were relatively large; the concentrations of fulvic acid in summer season were about 1.5-to 2.0-times higher than those in the winter season of the same years. These results may have been due to an increase in the water temperature and microbiological activities, which cause the biological conversion of organic matter present in water and soils into humic substances, and, furthermore, increase in the solubility of humic substances during warmer seasons.
Furthermore, considering the annual changes in the concentrations of humic and fulvic acids, the values in December of 1992 were 2-to 3-times larger than those in December of other years. It was a cold and rainy summer in 1993. 21 This may have been the reason why the concentrations of humic substances in all rivers decreased fairly much from December of 1992 to August of 1993. The annual change in the values of humic substances during 1993 to 1996 were smaller than the change from 1992 to 1993.
The annual and seasonal changes in the concentrations of the THM formation potential in these rivers for 6 years from 1990 to 1996 are shown in Fig. 4 . The trends for the seasonal changes in the concentrations of the THM formation potential were almost consistent with those of humic substances. Furthermore, the trends for the seasonal changes in the concentrations of THM formation potential in Yodo rivers were similar to the results obtained for Tama River. 22 The seasonal changes in the concentrations of the THM formation potential during 1990 to 1992 were large, while those from 1993 to 1996 were relatively small. The trend concerning abrupt changes in the concentrations of the THM formation potential from 1992 to 1993 was similar to those of humic substances. This may have been due to the rapid weather change during the summer of 1993. These results suggest that the biological conversion of organic matter present in water and soils into humic substances by microorganisms in soils may be deteriorated because of astronomical change, forest decline or the acidification of soils. 
